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OPTICAL DEVICE PACKAGE 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application claims priority of U.S. 
Provisional Application Serial No. 60/249,794 filed 
November 16, 2000. 

BACKGROUND 

1. Technical Field 

The present disclosure relates to a package for 
optical devices, and particularly to a module for 
operatively coupling one or more optical fibers with one 
or more optical devices. 

2. Description of the Related Art 

Various optical devices are known in the art 
and include such semiconductor devices as light emitting 
diodes (LEDs) , laser diodes, and photodetectors . Optical 
semiconductors, e.g., optoelectronic devices, effect a 
conversion between optical signals and electronic 
signals . 



Optical semiconductor components are sensitive 
to environmental conditions and are generally sealed in 
hermetic packages or in plastic molding to prevent 
degradation caused by atmospheric contaminants such as 
5 humidity, dust, and free ions. The optical input/output 

surfaces of the components operatively coupled in a 
package are especially susceptible to contamination, 
hence, the desirability of hermetically sealing the 
package to prevent contact with the outside atmosphere. 
10^ Hermetic sealing typically involves mounting a cap to a 

substrate having an optical semiconductor component by 
^ means of soldering, welding, and the like. 

£j One prior known optical device module includes 

~~ a submount body having a groove buried with an insulator, 

jSSSjSJ; 

15S an optical semiconductor component mounted on the 

pi submount body, a cap arranged across the groove and 

%2 fixedly bonded to the submount body by a bonding member 

for hermetically sealing the module. An electrical 
wiring layer connected to the semiconductor device 
20 extends to the outside of the cap through a groove buried 

with an insulator. 

Another type of prior known optical device 
package includes a first substrate having a groove 
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thereon into which an optical fiber is fitted, and a 
second groove to fix the optical fiber by applying 
adhesive, the second groove being formed on a part of the 
first groove, a width and a depth of the second groove 
being wider and deeper than those of the first groove so 
that the optical fiber is not in contact with the second 
groove. A second substrate pushes the optical fiber 
against the first groove. 

A problem with the aforementioned prior known 
devices is that the optical axis must be above the top 
surface of the optical bench, i.e., the chip or substrate 
onto which the optical fiber is mounted, because the 
active area of the optical semiconductor component (e.g., 
a laser, photodetector, or the like) is above the optical 
bench surface. Therefore, the lid must have a a V-groove 
to accommodate the optical fiber. This creates problems 
during sealing because the alignment of the optical fiber 
can be disturbed during the sealing step. Moreover, it is 
more difficult to create a low temperature seal (which 
may be required due to the sensitivity of the 
semiconductor device to high temperature) when the lid 
must seal around the fiber. 



Accordingly, it would be advantageous to have 
an optical device package wherein the lid does not 
require V-grooves to accommodate the optical fiber. 

SUMMARY 

An optical device package is provided herein 
which includes a substrate, an optical fiber and a frame. 
The substrate has an upper surface, and an elongated 
linear groove for receiving the optical fiber. The frame 
is mounted to the upper surface of the substrate. 
Optionally, an optical semiconductor component can be 
positioned within a recess in the upper surface of the 
substrate or mounted to the upper surface of the 
substrate. An optical fiber having an optical axis is 
positioned within the groove in the substrate such that 
the top surface of the optical fiber is at or below the 
level of the bottom surface of the frame. A lid can be 
hermetically sealed to the upper surface of the frame to 
provide an hermetically sealed enclosure. 

The optical device package does not require the 
frame or lid to have a V-groove. This advantage 
simplifies the task of hermetically sealing the package 



and reduces the likelihood of disturbing the alignment of 
the optical fiber during the step of sealing the package. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Various embodiments are described below with 
5 reference to the drawings wherein: 

FIG. 1 is an exploded perspective view of a 
portion of an optical device package in accordance with 
this disclosure including a substrate, frame and optical 
.«= components ; 

FIG. 2 is an end view of the portion shown in 

m FIG 1; 

rj FIG. 3 is a sectional view of the portion shown 

™ in FIG. 1; 

FIG. 4 is an exploded view of the section 
13]1 portion shown in FIG. 3 in conjunction with a lid; 

ri FIG. 5 is a sectional view of an optical device 

package in accordance with this disclosure; 

FIG. 6 illustrates an alternative embodiment of 
an optical device package in accordance with this 
20 disclosure; 

FIG. 7 illustrates in exploded perspective view 
the substrate, frame and optical components of yet 
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another alternative embodiment of an optical device 
package in accordance with this disclosure; 

FIG. 8 is a sectional view illustrating an 
alternative embodiment of an optical device package in 
accordance with this disclosure; and 

FIG. 9 is a plan view illustrating a wafer 
containing a plurality of optical device packages. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT ( S ) 
Referring to the drawings, FIGS. 1, 2 and 3 
illustrate a substrate 110 in combination with an optical 
semiconductor component 130, an optical fiber stub 14 0, 
and a frame 120. 

More particularly, substrate 110 can be any 
material suitable for providing an optical bench. A 
preferred material for fabricating substrate 110 is 
silicon. Other suitable materials include ceramics, 
polymers and metal. The substrate is formed by etching 
and/or cutting or other suitable method to provide a V- 
shaped notch 113 for receiving the optical fiber stub 
140, and a recess 112 for receiving optical semiconductor 
component 130. Preferably, substrate 110 is (100) single 
crystal silicon having an upper surface 111. The upper 



surface can be masked and selectively etched to form 
angled surfaces 113a and 113b of the V-shaped notch 113 
in the (111) crystallographic planes, and angled side 
edges 112a and 112b of recess 112. The depth of V-shaped 
groove 113 and recess 112 can be any suitable depth for 
accommodating the optical fiber 140 and the optical 
semiconductor component 130, and illustratively may range 
from about 50 microns to about 500 microns. 

Optical fiber stub 14 0 can be any conventional 
optical fiber and is typically from about 1 mm to about 5 
mm in length, although lengths outside of this range can 
also be employed when suitable. Optical fiber stub 140 
typically has a diameter of about 125 microns (standard) . 
Larger or smaller diameter fibers can also be used. 

Optical fiber stub 140 can extend only part way 
along notch 113 or, alternatively, as indicated in 
phantom by reference numeral 140A, the optical fiber can 
extend from recess 112 to at least the distal end 115 of 
the substrate . 

The optical semiconductor component 130 is an 
optional component and can be any suitable semiconductor 
device for emitting or receiving light, such as for 
example, a laser diode, light emitting diode (LED) , or a 



photodetector . At least one, and preferably two, 
electrically conductive leads 132 extend from the optical 
semiconductor component along the top surface 111 of 
substrate 110 to at least the proximal edge 114 of the 
5 substrate so as to enable the optical semiconductor 

component to be electrically connected to a power source 
or various other components of an electrical circuit. 
Such optical semiconductor components are well known in 
the art. The electrical leads 132 are preferably formed 
10 n as thin films from conductive materials such as aluminum 

or copper by, for example, vapor deposition, or other 
Ol suitable technique. 

Cf Frame 120 is preferably an intermediate support 

g structure fabricated from ceramic, glass, metal or 

150 silicon and includes a single piece member 121 having an 

frj; inner edge which defines an opening 122, a planar upper 

surface 123, and a planar bottom surface 124. The single 
piece member 121 preferably has a band like structure and 
is preferably quadrilateral in shape although other 
20 shapes such as circular, oval, and the like are also 

contemplated as being within the scope of this invention. 
Frame 120 is preferably fabricated from a rigid material 
which does not plastically deform at the temperatures 
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used to process and fabricate the present optical device 
package. Frame 120 can be of any suitable dimensions. 
Preferably, frame 120 is about 100 microns to about 1,000 
microns in thickness. 

Frame 120 is fixedly bonded to the upper 
surface 111 of the substrate such that opening 122 is 
over at least a portion of recess 112. Bonding of frame 
120 to substrate 110 can be achieved by any suitable 
means such as soldering with metal, bonding with solder 
glass frit or BCB (benzocyclobutene resin) , or adhesives 
such as epoxy resins, etc. The frame can be metallized 
or roughened, if necessary, to facilitate soldering or 
bonding . 

Solder glass frit is a low melting point glass 
such as, for example, borate glass, lead zinc borate 
glass, and the like. Generally, solder glass frit can 
have a melting point of from about 300°C to about 800°C, 
and typically from about 325°C to 500°C Solder glass 
frit suitable for use in the present invention is 
commercially available, for example, from Schott Glass 
Technologies of Duryea, PA. 

Preferably, electrical leads 132 are formed, 
optical fiber stub 140 is fixedly mounted in notch 113 



and frame 120 is bonded to the substrate 110 prior to the 
incorporation of the optical semiconductor component 130 
in the recess 112 of the substrate. Optical 
semiconductor component 130 is relatively more sensitive 
to high temperature and is more likely to be damaged by 
exposure to high temperature. Mounting optical fiber 
stub 140 and frame 120 to substrate 110 prior to mounting 
optical semiconductor component 130, allows the use of a 
relatively high temperature for bonding the frame 120 and 
optical fiber stub 140, and the subsequent use of a 
relatively lower temperature for bonding optical 
semiconductor component 130. The optical semiconductor 
component is preferably bonded to the electrical leads 
132 by means of solder pads 160. In accordance with the 
preferred sequence of assembly, the optical fiber is 
already fixed in its position when the optical 
semiconductor component is added. Accordingly, the 
optical semiconductor component is actively aligned with 
the optical fiber as it is soldered or otherwise mounted 
to the electrical leads 132. 

As can be seen from FIG. 2 and FIG. 3, groove 
113 is configured and dimensioned such that substantially 
the entire optical fiber stub 140 is positioned below the 
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level of the upper surface 111 of the substrate. The 
optical axis 141 of the optical fiber stub is positioned 
below the level upper surface 111 of the substrate by a 
distance D, which generally ranges from about 60 to 65 
microns. Distance D can be greater than 65 microns, for 
example, if the top of the optical fiber is recessed 
below the level of substrate surface 111. Preferably, 
optical axis 141 is both below and parallel to the upper 
surface 111 of the substrate. The top surface 142 of the 
optical fiber is substantially at or below the plane of 
the bottom surface 124 of the frame. The top surface 142 
of the optical fiber is also substantially at or below 
the level of upper surface 111 of the substrate, but may 
extend above the level of surface 111 of the substrate 
by, for example, 5 to 10 microns if a correspondingly 
thick layer of bonding material (e.g., solder glass frit) 
is used to mount the frame to the substrate. The optical 
port 131 of the optical semiconductor component 130 is an 
active area for the transfer of optical signals and is 
also positioned below the upper surface 111 of the 
substrate by distance D such that optical port 131 is at 
least substantially aligned with the optical axis 141. 



Referring now to FIGS- 4 and 5, , an optical 
device package 100 optionally includes a lid 150 which 
can be bonded to the upper surface 123 of frame 120 to 
form an enclosure 151. Together with frame 120, lid 150 
forms a structure for sealing the optical components 
(optical fiber stub 14 0, optical semiconductor component 
130, etc.) within enclosure 151. Lid 150 can be 
fabricated as a flat plate from any suitable fluid 
impervious material such as silicon, glass, ceramic, 
metal, and the like. Lid 150 can be bonded to frame 120 
by any suitable means such as bonding with a bonding 
material such as solder metal, solder glass frit, 
adhesives such as epoxy, BCB, and the like. If an 
optical semiconductor component is present, lid 150 
should be sealed at a temperature low enough to avoid 
thermal damage to the optical semiconductor component. 
FIG. 5 illustrates the use of a relatively thick layer 
161 of bonding material. The upper surface 123 of frame 
120 can optionally be metallized or roughened to 
facilitate adhesion of the bonding material. Upon 
completion of assembly, the electrical leads 132 can be 
electrically connected to an electric circuit (not shown) 
by conventional means. 



-12- 



Referring now to FIG. 6, in an alternative 
embodiment 100A of the optical device package lid 150A 
includes a recess 152 on a bottom surface. Recess 152 at 
least partially defines enclosure 151 and is adapted to 
accommodate optical semiconductor component 130. Frame 
120A is similar to frame 120. However, because of the 
space provided by recess 152 in lid 150A it is possible 
to make frame 120A thinner than frame 120, without 
physically interfering with optical semiconductor 
component 130. 

Referring to FIG. 7, substrate 210 is 
fabricated from any suitable material for providing an 
optical bench, such as described about with respect to 
substrate 110- Substrate 210 has an upper surface 211, a 
proximal end 214, a distal end 215, a longitudinally 
extending rectilinear V-shaped groove 213 for receiving 
an optical fiber stub 240, and a recess 212 for receiving 
an optical semiconductor component 230. Optical fiber 
stub 240 can extend only part way along notch 213 or, 
alternatively, as indicated in phantom by reference 
numeral 240A, the optical fiber stub can extend to the 
distal end 215 of the substrate. Electrical leads 232 
extend proximally from the optical semiconductor 
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component 230 to at least the proximal end 214 of the 
substrate. Recess 212 extends to proximal end 214 of the 
substrate so as to have a proximal opening 216. 
Electrical leads 232 extend along the floor of recess 
212, not along the upper surface 211 of the substrate 
210. 

Frame 220 is fabricated from a material such as 
one of those stated above with respect to frame 120. 
Frame 220 includes a single piece member 221 which 
defines an opening 222. Member 221 includes a lower 
projection 223 which is configured and dimensioned to 
engage recess 212 so as to form a proximal wall at least 
partially defining an enclosure in which the optical 
semiconductor component 230 is retained. 

Frame 220 is bonded to substrate 210 in a 
manner as described above with respect to frame 120. 
Next, a lid (not shown) such as lid 150 is bonded to 
frame 220 in a manner such as described above to provide 
an optical device package. 

As with optical device package 100, the optical 
axis of optical fiber stub 240 is below the level of the 
upper surface 211 of the substrate. The active area of 
the optical semiconductor component 230 is at least 
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substantially aligned with the optical axis of the 
optical fiber stub 240 and is also below the level of the 
upper surface 211 of substrate 210. 

FIG. 8 illustrates a further embodiment of the 
present invention. Optical device package 300 includes a 
substrate 310, optical fiber 340, frame 320, and 
optionally an optical semiconductor component 330 and lid 
350. The optical device package 300 serves to provide 
for the coupling of optical signals between optical fiber 
340 and optical semiconductor component 330. Optical 
semiconductor component 330 has an active, light emitting 
or light absorbing surface 331 (i.e., an optical port) on 
its lower surface, and a terminal 332 positioned on its 
upper surface. Optical semiconductor component 330 is 
positioned on substrate 310 that includes a groove 313 
which is sized to receive optical fiber 340. 

Groove 313 ends at a terminating surface 318 
that is inclined at an angle with respect to the upper 
surface 311 of the substrate. Terminating surface 318 is 
coated with a suitable metal, so that the terminating 
face is reflective at the wavelengths at which the 
optical device package 300 will be operated. Optical 
fiber 340 is positioned in groove 313, with end 341 of 
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the optical fiber being adjacent to terminating surface 
318. Optical semiconductor component 330 is then 
positioned on substrate 310. Active area 331 of the 
optical semiconductor component, which serves as an 
optical port, is positioned directly above terminating 
face 318 and at, or above, the upper surface 311 of the 
substrate. As a result, light exiting from end 341 of 
optical fiber 340 is reflected upward by surface 318 such 
that it enters optical semiconductor component 330 at 
active area 331. 

As described above, the upper surface 342 of 
the optical fiber is positioned at or below the level of 
the bottom surface 321 of the frame 320. Moreover, upper 
surface 342 of the optical fiber is generally at or below 
the level of upper surface 311 of the substrate, but may 
extend above the upper surface 311 by a distance 
corresponding to the thickness of a layer of bonding 
agent (e.g., solder glass, adhesive, etc.) applied to 
upper surface 311 to secure the frame 320 thereto, 
typically 5 to 10 microns, as mentioned above. 

Referring now to FIG. 9, components for any of 
the embodiments of the optical device packages described 
herein can be fabricated in a batch process. For 
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example, a plurality of substrates 110 can be 
simultaneously fabricated on a silicon wafer 500 by 
suitable masking, etching and bonding techniques as 
described above. In this manner, grooves 113 can be 
simultaneously formed batch-wise in the upper surfaces of 
substrate 110. Likewise, recesses 112 can be formed in a 
batch process. The frames and fiber stubs can be bonded 
to the substrates while they are connected in wafer form. 
Moreover, all the frames for an entire wafer can be part 
of a single piece that is attached to the wafer 500 in a 
single step. The individual substrates can thereafter be 
separated into individual units by cutting, sawing, 
dicing, cleaving or other suitable method of separation. 
Thus, in the embodiment shown in Fig. 9, sixteen 
substrates are simultaneously formed from a single, 
circular wafer 500 . 

While the above description contains many 
specifics, these specifics should not be construed as 
limitations on the scope of the invention, but merely as 
exemplifications of preferred embodiments thereof. Those 
skilled in the art will envision many other possibilities 
within the scope and spirit of the invention as defined 
by the claims appended hereto. 
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